Pregnancy-related changes in oxidative metabolism of several xenobiotics including pesticides were examined in the hepatic microsomes of CD, mice. The effect of pregnancy on hepatic microsomal cytochrome P-450~catalyzed substrate oxidation was found to be dependent upon the type of reaction examined. Not all substrates undergoing the same reaction showed identical changes during pregnancy. Those enzyme activities which exhibited a decline in specific activity during pregnancy generally exhibited no change in total hepatic capacity. Enzymes posting no change in specific activity throughout gestation generally showed large increases in total hepatic activity. Phorate S-oxidation was catalyzed by both microsomal flavin-containing monooxygenase (MFMO) and cytochrome P-450. Moreover, there was no pregnancy-related change in either MFMO or total enzymatic (MFMO plus cytochrome P-450) phorate S-oxidation.
INTRODUCTION
There have been several reports showing changes in the rates of hepatic microsomal cytochrome P-450-dependent xenobiotic oxidations during pregnancy (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . These changes appear to be dependent upon species of animal, substrate examined, means of expressing data, and gestational age. All the available information originates from studies carried out with drugs or model compounds. Little is known about in vitro pesticide metabolism during pregnancy. Moreover, there are only two reports on the dynamics of the microsomal flavin-containing monooxygenase (MFMO)* during pregnancy (11, 12) . This pathway has been recently shown to be important in the sulfoxidation of thioether-containing organophosphorus insecticides (13) . The relative i Present address: Inhalation Toxicology Laboratory, Alberta Environmental Centre, Bag 4000, Vegreville, Alberta TOB 4L0, Canada. * Abbreviations used: MFMO, microsomal flavincontaining monooxygenase; DMA, N,N-dimethylaniline; NOA, n-octylamine; EPN, O-ethyl-o-p-nitrophenylphenyl phosphonothioate contribution of the microsomal cytochrome P-450 and MFMO in this reaction has not yet been documented.
In our earlier work (12) we reported the changes in the microsomal MFMO-dependent N-oxidation of NJV-dimethylaniline (DMA) in various tissues from pregnant CD, mice. In this paper, data obtained from hepatic microsomes for both the cytochrome P-450 and MFMO-mediated S-oxidation of the thioether moiety of the widely used pesticide, phorate, are presented. In addition, pregnancy-related changes in the hepatic microsomal cytochrome P-450-mediated oxidation of several xenobiotics, including pesticides, were investigated. Immediately after sacrifice by cervical dislocation, livers were removed and homogenized in a medium containing ice-cold 0.25 M sucrose, 50 mM Tris buffer, pH 7.4, 0.1 m&f EDTA. The homogenate was centrifuged at 9000g for 20 min, and the supernatant was decanted and centrifuged at 105,OOOg for 60 min. The microsomal pellets were washed by resuspending in homogenization medium and recentrifuging at 105,000g for 60 min. The washed microsomes were suspended in an appropriate buffer and used immediately for the different assays. Protein estimation was by the biuret method (14) . mM n-octylamine (NOA), an inhibitor of cytochrome P-450-catalyzed reactions (20) was added to some incubations. Reactions were terminated with 0.5 ml ice-cold acetone. Phorate S-oxide was extracted with 2.5 ml ethyl acetate (extraction efficiency, >90%). Quantification of phorate S-oxide was done by gas chromatography using a Varian Vista 4600 gas chromatograph, equipped with a 3-ft column of OV-101 and an electron capture detector. Gas chromatographic conditions were as follows: injector temperature, 22O"C, detector temperature, 300°C column oven temperature programmed from 150 to 190" at lO"/min; carrier gas (helium) flow, 30 ml/min. Retention times for phorate, internal standard (methyl parathion), and phorate S-oxide were 2.7, 4.3, and 5.0 min, respectively. Authentic phorate S-oxide (U.S. Environmental Protection Agency Reference Standard no. 5502) was used for calibration.
Enzyme assays. Published methods were used for assays of cytochrome P-450 (15) ; aldrin epoxidase (16) ; aminopyrine-, carbaryl-, and nicotine-N-demethylase (17); DMA-oxidase (12) , EPN and parathion dearylase (18) ; and 7-ethoxycoumarin-Odeethylase (19) . The optimum assay conditions for phorate S-oxidation included incubation (total volume, 0.5 ml) of washed microsomes (-1 .O mg protein/ml) in 100 mM Tris-HCl buffer, pH 7.4, and a NADPH generating system consisting of 2.5 mM glucose 6-phosphate, 1.0 mM NADP+ , and 1 unit of glucose-6-phosphate dehydrogenase.
Reaction mixtures were preincubated at 37°C with shaking for 3 min and reactions were started with the addition of phorate (250 pM) in 2.5 ~1 acetone. Incubations were for 10 min with shaking at 37°C. To discriminate between MFMO-and cytochrome P-450-mediated oxidations, 2.4
Data. Rates of xenobiotic metabolism are expressed relative to nonpregnant controls (represented on histograms as Day 0). The values reported are means r SE (n b 5 in all cases). Specific activity refers to nanomoles of product formed/minute/milligram microsomal protein. Total hepatic content represents nanomoles of product formed/minute/liver and was calculated by multiplying specific activity by microsomal yield per liver. Data was analyzed by a oneway analysis of variance (21) . Comparison of means was done by the Bonferroni method (21) . A P value of ~0.05 was considered significant.
RESULTS
Compared to nonpregnant females, the body weight and the liver weight of pregnant mice increased by 34 and 47%, respectively, by Day 12 of gestation ( Table 1) . The pregnant animals continued to gain weight; however, the percentage liver weight increase was minor on Day 18 compared to the total body weight. Although microsomal yield expressed on a milligram microsomes/gram liver basis did not change Parameter OSIMITZ AND KULKARNI with gestation, total hepatic microsomal protein did rise in parallel with hepatic
The specific content of cytochrome P-450 remained unchanged throughout gesweight.
tation ( Fig. 1) . However, the specific activity of aldrin epoxidase decreased by Day 18 to 57% of the level observed in nonpregnant mice. Total hepatic content of cytochrome P-450 increased with gestation (+60% by Day 18 of gestation), whereas total hepatic aldrin epoxidase stayed constant. Oxidative dearylation reactions were rather refractory to changes in the specific activity with only EPN-dearylase showing a significant (30%) decline at Day 12 of gestation (Fig. 2) . In contrast, the total capacity of the liver to dearylase EPN and parathion rose 57 and 69%, respectively, over nonpregnant levels by Day 18.
The specific activity of demethylases toward pesticide substrates declined signiticantly during pregnancy (Fig. 3) . The specific activity of nicotine N-demethylase decreased by 50% by Day 12 in contrast to a relatively modest 20% decrease in carbaryl N-demethylase.
As compared to the nonpregnant mice, both activities posted lower values at Day 18 of gestation. Despite the significant decreases observed in specific activities determined for both the substrates at Days 12 and 18 of gestation, the total hepatic capacity to perform oxidative demethylation was not altered except at
The specific activity of aminopyrine Ndemethylase and 7-ethoxycoumarin-O-deDay 12 for nicotine.
ethylase underwent comparable decreases (-16 and -ll%, respectively) at Day 12 (Fig. 4) nopyrine N-demethylase ( -20%). Despite these changes in specific activities, there was no statistically significant change in the total hepatic capacity to dealkylate either substrate (Fig. 4) .
Both hepatic MFMO and cytochrome P-450 appear to catalyze the S-oxidation of phorate. If it is presumed that NOA causes complete inhibition of the cytochrome P-450-mediated reaction, then it seems that a major portion (about 80%) of the phorate sulfoxidation in hepatic microsomes from nonpregnant mice is catalyzed by the MFMO system (Fig. 5) . However, the same concentration of NOA produced a 62% inhibition of aldrin epoxidase, a reaction known to be catalyzed by cytochrome P-450 (22) . The fact that NOA appears to cause only partial inhibition of cytochrome P-450-mediated metabolism suggests that a precise quantitation of the relative contribution of microsomal cytochrome P-450
and MFMO to phorate S-oxidation cannot be accomplished using NOA as the discriminating agent.
The data for the S-oxidation of phorate during pregnancy are given in Fig. 5 . There was no change in the specific activity of the MFMO-catalyzed S-oxidation during gestation. In contrast, there was a statistically significant (50%) decline in cytochrome P-450-dependent activity by Day 12; however, activity increased to control levels by Day 18. The total hepatic content of MFMO catalyzed as well as total enzymatic (both the cytochrome P-450 plus MFMOdependent) phorate S-oxidation increased with gestation.
The total hepatic cytochrome P-450-dependent activity, however, declined at Day 12 but recovered by Day 18.
DISCUSSION
Our observation that liver weight increases during pregnancy (Table 1) is consistent with that of other workers (2-4,23) . The elevation in liver mass is generally attributed to the proliferation of parenchymal cells (24) and, indeed, we have observed that this enlargement is accompanied by an increase in total microsomal yield per liver. This is important when evaluating xenobiotic metabolism during pregnancy since this increase may represent a concomitant increase in the xenobiotic-metabolizing enzyme complements of the tissue. However, in the past the question of whether the increase liver mass results in a parallel increment of xenobiotic-metabolizing enzymes has not been satisfactorily investigated.
The data presented show that there are several pregnancy-related changes in the hepatic microsomal oxidative enzymes in CD, mice. These changes are substrate specific and depend upon how the activity is expressed, i.e, specific activity (nmol product/min/mg microsomal protein) or total hepatic activity (nmol product/min/ liver).
Although the specific content of cytochrome P-450 as determined by CO difference spectra does not change during pregnancy, we did note declines in the specific activity of the following reactions: N-deal- kylation of aminopyrine, carbaryl, and nicotine; epoxidation of aldrin; and O-dealkylation of 7-ethoxycoumarin.
The finding that the specific content of cytochrome P-450 does not change during pregnancy (Fig.  1) confirms previous reports (3, 5, 9 ), but is in contrast to other investigations showing pregnancy-related decreases in the concentration of hepatic microsomal cytochrome P-450 (1, 2, 4, 5, 8, 23) . A possibility exists that these conflicting results may be due to differences in the animal species, strains used, and the day of gestation on which the experiments were performed.
Significant differences were observed in the metabolism of substrates that undergo the same class of biotransformation during pregnancy (Fig. 2) . Although the N-dealkylase activity toward aminopyrine, carbaryl, and nicotine decreased, the magnitude of dechne was different with each substrate. These findings are consistent with the wellaccepted concept of cytochrome P-450 multiplicity in the hepatic microsomes (25) , and suggest that distinct species of cytochrome P-450 may be involved in cata- lyzing the dealkylation of these xenobiotics. Pregnancy-related differences in the amount of enzyme present or in the modulation of the individual forms of cytochrome P-450 responsible for the demethylations may explain these results. Alternatively, there may be pregnancy-related changes in the rate-limiting steps in monooxygenation for one substrate and not another.
Unlike the specific activities for the substrates discussed above, there was no major pregnancy-related change in the specific activity of EPN or parathion dearylase (Fig.  2 ). Considered along with our earlier observation that the specific activity of hepatic microsomal cytochrome P-450-mediated DMA demethylation did not change during pregnancy (12) , our present findings indicate that the depression of cytochrome P-45Omediated xenobiotic metabolism during pregnancy is not a general phenomenon but is specific for certain substrates.
The data showing no change in the specific activity of hepatic MFMO-dependent phorate S-oxidation during pregnancy ( 5) are consistent with our earlier report on the MFMO-catalyzed N-oxidation of DMA (12) . Taken together, these data imply that the MFMO may be insensitive to the endogenous modifiers present in pregnant animals that act to depress the rates of several cytochrome P-450-mediated xenobiotic oxidations.
oxidative dearylation in pregnant animals (27) . Similar data are needed on the changes in the activities of other pathways involved in the metabolism of these pesticides and on changes in cholinesterase systems to better understand the overall toxicological significance of these observations. It is interesting to note that although we report no change in the specific activity of hepatic parathion dearylase during pregnancy, Weitman et al. (28) observed a 51% decline in the specific activity of hepatic microsomal parathion desulfuration during pregnancy in the mouse. The converse toxicological consequence is expected for a compound such as phorate which also exhibited a substantial increase in total hepatic S-oxidation during pregnancy. In this case, metabolism produces the phorate Soxide, which is a more potent inhibitor of acetylcholinesterase than is the parent compound (13, 27) .
In contrast to the above situation, those substrates for which specific activity did not decline during pregnancy exhibited a substantial increase in the total hepatic capacity to oxidize the compounds. This may mean increased total detoxification for comnounds such as EPN and narathion via 
